Objective. Head and neck trauma results in a range of injuries, spanning minor lacerations to life-threatening airway compromise. Few studies provide in-depth analysis of injuries to the head and neck (HN). We aim to (1) describe HN injury prevalence in the US and (2) investigate patient disposition and the outcome of mortality.
Introduction
There are over 50 million trauma-related emergency department (ED) visits in the United States each year that are estimated to cost $406 billion. 1, 2 The head, neck, and face account for just 12% of total body surface area, yet injuries to these areas are disproportionally represented. 3, 4 Injuries can range from minor soft tissue lacerations to complex facial fractures, penetrating neck wounds, and cranial nerve injury. The mechanisms of injury in head and neck trauma are diverse and can vary from minor falls to serious assaults and motor vehicle accidents.
Prior studies investigating head and neck injury-related visits are limited by their focus on a specific type or mechanism of injury, [4] [5] [6] [7] [8] [9] reporting of data from a single institution, 5,10,11 small patient cohorts, 5, 8, 12 and focus on a specific population 10, 13 or geographic region. [14] [15] [16] No single study provides a contemporary, epidemiological analysis of all types of head and neck injuries that are evaluated in the emergency room setting across the US. Existing literature does not provide insight into injury patterns or risk stratification, including predictors of inpatient admission or mortality.
Herein we report national estimates for the prevalence and incidence of primary head and neck injuries in children and adults using the largest ED database in the United States, with data from over 131 million ED encounters. We provide detailed descriptive analysis of patient demographics, visit characteristics, injury type, and mechanism, as well as geocoding analysis to depict variation in injury patterns across the US. We also provide an overview of significant predictors of inpatient admission and death.
Methods
This study was exempt from Institutional Review Board approval. The 2011 Nationwide Emergency Department Sample (NEDS), published by the Healthcare Cost and Utilization Project (HCUP) and sponsored by the Agency for Healthcare Research and Quality (AHRQ), was used to estimate the national prevalence of injury to the head and neck region. NEDS is the largest publically available, allpayer ED database in the US. It contains discharge abstracts for 29 million ED visits at 951 hospitals in 30 states and provides a 20% stratified sample of all hospital-based EDs in the country. Individual ED encounters can be weighted according to the sample design, therefore the 2011 NEDS provides a national weighted-sample of over 131 million ED visits.
In NEDS, all 15 diagnostic positions were queried for International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9CM) codes consistent with injury to the head, face, and neck as categorized in the Barell Injury Diagnosis Matrix 17 ( Table 1) . The Barell Matrix, published by the Centers for Disease Control and Prevention (CDC) International Collaborative Effort on Injury Statistics, categorizes injuries by body region and nature of injury using ICD-9CM codes. There are 9 injury categories that contain ICD-9CM codes relevant to the head and neck: fractures, dislocations, sprains and strains (eg, jaw sprain or nasal septum sprain), open wounds, injury to blood vessels, contusions/superficial injury, burns, injury to nerves, and unspecified injuries. Traumatic brain injury and ophthalmologic injuries were excluded. Primary injury to the head and neck was defined as a visit with a relevant injury code listed only in the first diagnostic position. This cohort of ED encounters was used for all subsequent analyses to provide an in-depth survey of primary head and neck injuries.
Mechanism of injury is categorized by HCUP in NEDS based on ICD-9CM external causes of injury codes (E-codes) according to established methods. 18 There are 11, non-mutually exclusive categories including injury from a sharp object (eg, knife), drowning or submersion, fall, fire/ flame/hot object, firearm, machinery, motor vehicle traffic, natural or environmental causes including stings and bites, poisoning, being struck by or against something (blunt trauma), and suffocation.
Descriptive analysis was performed to characterize patient demographics, including national quartile for median household income (as categorized by HCUP according to patient zip code data) and insurance payer, visit characteristics (day of week and month), hospital characteristics (teaching status, trauma designation, and geographic region), and injury characteristics. The 10 most frequent diagnoses were tabulated. The primary, first-listed procedure code for each ED encounter was extracted, if present, and tabulated by frequency. The incidence of head and neck injury per 100,000 US population was calculated using 2011 population estimates obtained from the US Census Bureau Population Estimates Program. NEDS is a stratified 2-stage cluster sample, therefore discharge weights and standard formulas for 2-stage cluster sample were used to generate national estimates and calculate standard errors.
Patient demographics, visit, injury, and hospital characteristics were compared by patient disposition (admission vs treatment and release) in bivariable analysis. Differences in proportions and means were assessed using sample design-adjusted statistical tests including the Wald chi-square test (for proportions) and 2-sided unpaired t tests (for means).
Significant predictors of admission and mortality were determined in separate multivariable logistic regression models. Each model was inclusive of all independent variables previously listed (patient demographics, visit characteristics, hospital characteristics, and injury characteristics) in order to account for all potential predictors available in NEDS. Statistical significance was determined by a type I error threshold of 0.05. Data linkages and statistical analysis were performed using SAS v.9.3 (SAS Institute, Cary, North Carolina). Survey-weighted commands in SAS were utilized for calculation and comparison of proportions (proc surveyfreq) and means (proc surveymeans) and in logistic regression modeling (proc surveylogistic).
A choropleth map, or visually graded representation of frequency within defined geographic areas, was generated to characterize population-adjusted estimates for head and neck injury by region of the United States. Maps were generated using the Epi Info v7.1.3 software published by the CDC. 
Results
There was a weighted total of 131,048,605 ED visits in 2011 (unweighted total = 29,421,411 visits). A weighted total of 7,020,455 (standard deviation of weighted frequency [SD] = 143,666) visits were attributed to injury of the head or neck region. A weighted total of 5,418,539 visits (SD = 116,802) were related to primary injury of the head and neck region (defined as Barell Injury Matrix ICD-9CM codes for head or neck injury) and were included in our analysis (4.1% of all ED visits). All values listed hereafter in text and tables represent weighted estimates. There were 1738 ED visits per 100,000 population with an average of 14,845 visits nationwide per day. Nearly all patients were treated and released (97.2%); a minority were admitted (N = 150,148, 2.7%) or died in the ED or hospital (N = 2680, 0.1%). Demographic statistics are summarized in Table 2 . The average patient age was 30.0 years (SD = 0.4), 56.8% were male, and the greatest proportion were age 0 to 17 years (43.1%). Seventy percent of patients were treated at a nontrauma or level III trauma hospital. Most visits occurred on a weekday (68.1%), and injury volume was greatest during summer months (June to August) ( Figure 1 ). The highest number of injuries occurred in the geographic south of the US (36.4%) and the least in the geographic west (18.6%) ( Figure 2 ). The majority of injuries were unintentional (89.5%), and 35% of patients had more than 1 injury diagnosis (regardless of body region). Falls (38.9%) and blunt trauma (26.2%) were the most common mechanism of injury ( Table 2) . Figure 3 illustrates the proportion of injuries by Barell injury diagnosis matrix categories. The most common type of injury was open wound (N = 2,262,298; 42%). More severe injuries, including fractures (N = 260,559; 5%), burns (N = 47,910; 1%), injury to blood vessels (N = 1565; 0.03%), and injury to nerves (N = 598; 0.01%), were less common. The 10 most frequent diagnoses are listed in Table 3 . Types of injuries varied by age group; foreign bodies were most common among pediatric patients (50%) and serious injuries including burns, fractures, injury to vessels, and nerve injuries were more common among patients aged 18 to 44 years ( Figure 4 ). Mechanism was also noted to be age dependent ( Figure 5 ).
Twenty-four percent of patients underwent a diagnostic or therapeutic procedure in the ED ( Table 4 ). Over half of these patients underwent laceration repair. Complex laceration repair of the eyelid/eyebrow, lip, nose, and external ear was performed in 205,188 patients (15.9% of all patients who underwent a procedure). Nonoperative foreign body retrieval in the ED was performed in 66,001 patients (5.1%). Diagnostic imaging occurred infrequently; computerized axial tomography of the head was obtained in 57,006 patients (4.4%) and plain film X-ray of facial bones was obtained in 6,890 patients (0.5%).
Bivariable comparisons for patient demographics, visit, and injury characteristics between patients who were admitted versus patients who were treated and released are presented in Table 2 . Several predictors of inpatient admission were identified in multivariable logistic regression modeling. Odds ratios and significance levels for all independent variables are published online ( Supplemental Table  S1 
Discussion
This study provides a contemporary, landscape analysis of extracranial, primary head and neck injury-related visits to hospital-based EDs in the United States based on data extracted from the largest, all-payer ED database (NEDS). There were over 5 million injuries in 2011, the majority of which were open wounds resulting from falls or blunt trauma, which infrequently resulted in hospital admission or death. Emergency medicine providers and multiple surgical specialties including general surgery, otolaryngology-head and neck surgery, plastic surgery, and oral and maxillofacial surgery are involved in the management of head and neck injuries. While we cannot discern which injuries were managed by an ED physician alone or with the assistance of a surgeon consultant, this study may help focus training for specialties involved in the management of head and neck injuries. Further, this study provides insight into which injuries require immediate transfer to higher level trauma facilities and which ones require follow-up that can be appropriately obtained as an outpatient.
Prior studies of head and neck injury-related visits to the ED are limited. In 1995, Sastry et al 3 characterized facial trauma in the US using data from the Major Trauma 12 External laryngeal trauma is estimated to occur with an incidence of 1 in every 137,000 emergency department visits. 8 Taken together, these reports provide a limited view of isolated head and neck injuries and largely focus on facial fractures. We provide a comprehensive survey of primary head and neck injuries and trauma. Several epidemiological patterns were observed. As expected, head and neck injuries occur more frequently among males and in the spring and summer months. These data are consistent with gender biases and seasonal variation observed in general trauma studies 1 and epidemiological surveys of traumatic brain injury. 19 This report finds, not surprisingly, that minor injuries such as lacerations are common and typically occur from unintentional falls and blunt trauma. This is consistent with studies surveying head and neck injuries in the United Kingdom, 5 2010 injury statistic data compiled by the CDC National Center for Injury Prevention and Control, 20 as well as survey responses on trauma practice patterns reported by academic and private-practice otolaryngologists. 21 Geographically, the incidence of head and neck injuries was greatest in the South, which may reflect increased injury burden or variable ED utilization patterns.
More severe trauma (burns, fractures, injury to blood vessels and nerves) comprised less than 7% of all injuries. Our data may underestimate the total number of injuries resulting from penetrating neck trauma involving the carotid artery or jugular vein or injuries from hanging and strangulation as many of these patients are dead on arrival to the ED 12 or have other predominate injuries. The prevalence of facial fractures is lower than reported by Allareddy et al 6 ; in their analysis of the 2007 NEDS database, they identified craniofacial fractures coded in any of the 15 diagnostic columns provided and did not exclude intracranial injuries. However, the present report performed detailed analysis only of primary injuries attributed to the head, face, or neck to ensure regression results predicting mortality and admission could be attributed solely to head and neck injuries. Over 1.6 million head and neck injuries were identified that were not coded in the primary position, and it is possible that many of these constitute serious injuries associated with other major trauma that was preferentially coded in a higher position.
Predictors of mortality have been studied in general trauma patients, however they have not been reported for head and neck injuries specifically. Injury to blood vessels and burns were identified as significant predictors of death.
The association between burns and death may reflect concomitant smoke inhalation injury, which is independently associated with morbidity and mortality. 22 Extracranial head and neck vascular injuries can occur by blunt or penetrating mechanisms. Blunt cerebrovascular injury (including carotid and vertebral artery dissection) is more common than penetrating injury. Most injuries are low grade, but severe injuries typically result in morbidity or mortality due to ischemic cerebrovascular accident. In contrast, penetrating injury to neck vessels more commonly cause death due to exsanguination. 12 Although patients with these injuries comprise only a small portion of our study cohort, the association with mortality reinforces the importance of well-understood screening, diagnostic, and treatment algorithms for vascular neck injuries. [23] [24] [25] The mechanism of injury is important to ascertain. Motor vehicle accidents, suffocation, firearm, or machinery-related injuries are associated with greater odds of death. Socioeconomic factors were not associated, despite evidence of disparities in general trauma series. 26 Older age and male gender were associated with increased mortality, consistent with general trauma studies. 27 Predictors of admission were less discrete. Several demographic factors were associated including male gender, older age, rural residence, and insurance type. Rural residents may have a higher likelihood of admission due to convenience rather than acuity of injury. Notably, uninsured self-pay patients were at significantly lower odds of admission than patients insured with Medicare, which suggests that financial barriers may prevent additional medical care. Patients who visited the ED on the weekend (vs Monday through Friday) were also at higher odds of admission. A possible explanation is that higher acuity injuries occurred during the weekend when a large proportion of the population is away from work and school, or it may reflect inadequate surgical staffing in the ED. Patients assessed at level I or II trauma hospitals were more likely to be admitted, likely because they had higher acuity injuries and were intentionally transported to these facilities for advanced care. Hospital teaching status was not associated with significant disparities in care. Our results suggest that emergency medicine physicians and consulting surgeons may benefit from focused training on complex facial laceration repair, fracture management, and foreign body removal as these were among the most common injuries. Clinicians should also anticipate investing greater time and effort in triaging and managing patients with burns, injury to blood vessels or nerves, and fractures. Additionally, increased resources and attention should be given to patients with injuries incurred by self-harm, suffocation, firearms, or machinery as these have a higher risk of mortality. Finally, taking into consideration the breadth of diagnoses, it is clear that primary extracranial head and neck injuries are typically not life threatening.
There are several limitations to this study. Injuries are classified according to the Barell Injury Diagnosis Matrix that precludes a more detailed analysis of injury types. Injury diagnoses clinically relevant to the head and neck may have been excluded from analysis because of how they are categorized in the Barell Matrix. Skull base fractures, for example, are categorized as traumatic brain injury and were therefore not included. However, for such a broad overview study we felt the Barell Matrix was an appropriate method for communicating and simplifying national injury patterns. Use of this classification scheme, endorsed by the CDC, also permits compatibility with existing injury surveillance systems and allows for comparability with future publications. Further, as we attempted to look only at primary head and neck injuries, this study underestimates head and neck trauma that may be associated with other injuries subsequently listed as a secondary diagnostic code. Additionally, severe injuries resulting in pre-hospital mortality were not included, thus potentially skewing the results. As with all large, retrospective database studies, this study is limited in its ability to account for unknown confounders. Finally, discharge abstracts are interpreted and coded by independent reviewers and are subject to their individual biases, however these individuals are highly trained and their work is validated.
Conclusions
This study provides a landscape analysis of head and neck injuries in the US. In 2011, there were over 5 million primary head and neck injuries that ranged in severity from minor lacerations to penetrating wounds. These injuries infrequently result in admission to a hospital and overall mortality is low. Significant predictors of inpatient admission or death include injury to blood vessels, burns, motor vehicular trauma and injury from machinery, male gender, and older age. These data have implications for head and neck injury surveillance and may be used to risk-stratify patients who present with injuries in the acute care setting. 
